To explore the association between a newly developed cumulative laboratory-based frailty index (FI) and intrinsic (personal) and extrinsic (social, environmental) characteristics. DESIGN: Cross-sectional longitudinal study. SETTING: The third and fourth waves of the communityrepresentative, five-county, 10-year Duke Established Populations for Epidemiologic Studies of the Elderly study, carried out in a health service-rich area. PARTICIPANTS: Cognitively intact survivors of the third wave (N = 1,740), who provided blood samples for standard laboratory work. MEASUREMENTS: Biomarkers (n = 28) were measured to develop a cumulative deficit laboratory test-based FI (Duke FI) derived from standard laboratory tests: SMAC-24 chemistry panel, high-density lipoprotein cholesterol panel, and complete blood count. Information was gathered on scales assessing intrinsic characteristics (personal locus of control, life satisfaction, self-esteem, depressive symptomatology) and extrinsic characteristics (support received from and provided to family and friends, stressful life events, neighborhood disadvantage). RESULTS: The newly developed Duke FI had content, construct, concurrent, and predictive validity. In addition to sex, race, and income, the Duke FI was associated at the intrinsic level with locus of control, self-esteem, life satisfaction, and depressive symptomatology (each P < .01) and at the extrinsic level with provision (P < .01) and with receipt of instrumental help (P < .10), social stressors (P < .03), and neighborhood disadvantage (P < .01) in unadjusted analysis; race fully explained neighborhood disadvantage. CONCLUSION: Intrinsic (personality) characteristics and personally close extrinsic characteristics (contacts with family and friends, personal stressors) are associated with laboratory test-based frailty, as is neighborhood disadvantage, although in this accessible, health service-rich environment, race fully explained association with neighborhood disadvantage, suggesting that interventions to reduce frailty in residents in such an environment should pay particular attention to characteristics that immediately affect the individual. J Am Geriatr Soc 65:1981-1987, 2017. Key words: laboratory test-based frailty index; neighborhood disadvantage; personality; race; ethnicity T here is no universally accepted definition of frailty, although it is "considered to be a physiological loss of reserve capacity and resistance to stressors."
T
here is no universally accepted definition of frailty, although it is "considered to be a physiological loss of reserve capacity and resistance to stressors." 1 Neither is there agreement on what should be assessed, with some measures focused solely on physical health, whereas others take a much broader view. [2] [3] [4] Although the number of measures of frailty is continually increasing, [5] [6] [7] two approaches to assessing frailty predominate. The three-level phenotype approach based on physiological measures 8 identifies frailty as the presence of three or more of weight loss, tiredness, low physical activity, slow gait speed, and low grip strength (1-2 problems indicates prefrailty, 0 problems indicates a robust state). The cumulative deficit approach, [9] [10] [11] [12] considers information on as broad a range of health-associated items as available (e.g., health conditions, functional and cognitive status, physical performance, physiological measures). Scores are based on the proportion of selected items in which the individual is impaired, allowing assessment along a continuum from minimal (robust) to maximal (frail) impairment.
This cumulative deficit approach has recently been applied to cellular-level biomarkers, which have been shown to predict clinical outcomes. 6, 9, 13, 14 Cellular biomarkers have the advantage of providing information on a substantial array of body systems even before there are clinical manifestations 15 while avoiding possibly erroneous selfreport or confounding outcomes determinants, as in the original clinically based cumulative deficit approach.
Most studies of frailty have been cross-sectional and have examined the association between frailty and demographic characteristics and health status 16 or between frailty and adverse outcomes (falls, functional decline, hospitalization, institutionalization, death). 8, 9, [17] [18] [19] Other characteristics known to affect health status have been examined less. The psychological resilience literature has emphasized that, in addition to personal characteristics that affect outcomes, "individuals are embedded in social systems" that may also have an effect. 20 Such social systems range from family support and the stressors that personal circumstances can occasion to characteristics of the neighborhood and beyond. 3 Although some studies have added extrinsic (social, environmental) characteristics to frailty indexes (FIs) or reported on associations with these, 2,4,21 none has reported on associations between intrinsic and extrinsic factors and a laboratory test-based cumulative impairment FI. The current study addresses this gap. Using a newly developed cumulative impairment laboratory test-based FI (the Duke FI), associations with selected aspects of intrinsic (personal locus of control, life satisfaction, self-esteem, depressive symptomatology) and extrinsic (bidirectional family and friend support, stressful life events, neighborhood environment) characteristics were examined. A gradient of association was anticipated-strongest with intrinsic characteristics, weakest with neighborhood characteristics.
METHODS

Sample
The sample for the current study came from the third in-person wave (1991/92) of the 10-year (1986-96), community-representative Duke Established Populations for Epidemiologic Studies of the Elderly (EPESE) study of persons aged 65 to 105 (response rate 80%, N = 4,162, 54% African American, 45% white, <1% other race) living in five adjacent Piedmont-area counties (one urban, four rural) in North Carolina. The study focused on selfreported health, change in health status, health service use, functional status (also measured at Wave 8), cognitive status, and social resources. Data were gathered annually over the first 7 waves, with a final wave 3 years later, in person at Waves 1, 4, 7 (baseline for the current study), and 8 and by telephone at Waves 2, 3, 5, and 6. At Wave 7 (aged ≥71), blood was drawn for standard laboratory tests from sample members who lived within range, personally gave consent for the blood draw, and were able to provide blood samples (N = 1,742). The Duke University Medical Center institutional review board approved this study. Written consent was obtained from all participants.
Core Information Relevant to the Current Study
Using structured questionnaires, information was gathered in person in the home at this study's baseline, and 4 years later. The information used to assess the validity of the Duke FI (Appendix 1), included demographic characteristics (age, sex, race, education (truncated at 17 years), income), health status (self-rated health (1 = excellent, 4 = poor)), and functional status (five activities of daily living (ADLs): bathing, dressing self, transferring from bed to chair, using the toilet, feeding self; 23 items summed to indicate number of problems, range 0-5). All information was gathered at time of blood draw. Survival status and time to death through December 2006 (14 years after blood draw) was obtained from the National Death Index. 24 Cumulative Deficit Laboratory-Based Frailty Index Development
Blood Drawing Procedures and Laboratory Analyses
Trained phlebotomists drew blood for SMAC-24 chemistry panel, high-density lipoprotein cholesterol panel, and complete blood count analysis by using standard procedures, following universal precautions for handling blood and body fluids. Table S1 describes the 28 resulting biomarkers, the biological problems they assess, and individual psychometrics. For each sample member, the number of biomarkers for which there was information was determined. Fifty people lacked information on between one and six biomarkers, 17 of whom lacked information on six biomarkers (21.4% of the biomarkers available). Because a FI can legitimately be constructed if 20% of the desired markers are absent, 12 a standard often relaxed, all these persons were retained. Two people lacked information on 20 or more biomarkers and were dropped, reducing the sample to 1,740 persons. Intrinsic characteristics (personality) were assessed according to locus of control (7 dichotomous items, scored to indicate lack of internal control, range 0-7), 25 life satisfaction (13-item scale (3 = agree, 2 = not sure, 1 = disagree; range 0-39), 26 items re-scored as necessary, higher scores indicating poorer life satisfaction), self-esteem (10 dichotomously scored items, five positively phrased items reversecoded, higher score indicating lower self-esteem), 27 and depressive symptomatology (assessed using the revised Center for Epidemiologic Studies Depression Scale, with items dichotomized, range 0-20). 22, 28 Extrinsic characteristics included social support, stress, and neighborhood status. Social support was assessed according to services received from family and friends (range 0-12) and a reciprocal set of services (but adding child care) that the subject provided (range 0-13). Services were divided into instrumental (e.g., receives help with money, transportation; range 0-8 for services received, 0-9 for services provided) and emotional (e.g., receives advice, companionship; range 0-4). Social stress was determined according to number of negative life events in the last year (e.g., death of spouse; range 0-14).
Neighborhood, Assessed in Terms of Disadvantage (1990 Census Data)
Census tract disadvantage, determined according to previously proposed criteria, 29 included six characteristics-the percentage of: blacks, families with below poverty-level income, households on public assistance, female-headed households, residents under age 18, and unemployed male civilians aged 16 and older. Principal components analysis of Duke EPESE data indicated that, comparable to the previous study, 29 factor 1 had an Eigenvalue of 4.23 and explained 70.5% of the variance; five variables had loadings of 0.81 to 0.92 and the sixth a loading of 0.59. This measure was normed on all U.S. Census tracts (mean 0, standard deviation 1) and the resulting standardized values applied to the 84 Duke EPESE tracts, which are linked to previously geocoded addresses. 30 The mean z-score for neighborhood disadvantage was 0.53 AE 0.83, indicating that 16% to 17% more of the census tracts were disadvantaged than of the United States as a whole. Z-scores for neighborhood disadvantage tracts ranged from À1.03 (indicating that neighborhood disadvantage was~1 SD, or~30%, less disadvantaged than the mean) to 4.45 (high neighborhood disadvantage).
Statistical Analysis
Descriptive statistics described the sample, biomarker, and Duke FI data. To ensure that the Duke FI was a measure of frailty and met standards, 12 age was regressed on all biomarkers, as was time to death (with demographic characteristics controlled). These findings also indicated the content and construct validity of the Duke FI. Concurrent validity was determined by association with self-rated health and Katz ADLs 23 using demographically adjusted ordered logit regression. Criterion (predictive) validity was ascertained using Kaplan-Meier survival curves for the Duke FI, trichotomized as robust (0-0.09), prefrail (0.10-0.19), and frail (≥0.20), cutpoints comparable with those that other investigators have used, 14 and Cox regression, adjusted for demographic characteristics, to examine time to death.
Multivariable regression was used to examine association between demographic characteristics and Duke FI and, with demographic characteristics adjusted, between Duke FI and personality characteristics, family and friend support, and social stress.
Demographically adjusted ordered logit regression analyses were also used to compare the association between neighborhood disadvantage and Katz ADL 23 and self-rated health and to examine the effect on Duke FI when neighborhood disadvantage was also included in the model. Cox regression was used to identify the association between mortality and Duke FI and neighborhood disadvantage, individually and in combination.
Multilevel regression models (hierarchical linear models, which addressed the multilevel nesting of respondents within census tracts) were used to determine the association between Duke FI and neighborhood disadvantage without demographic adjustment (Model 1), adjusted for individual demographic characteristics (Models 2-6, to identify individual effects), and fully adjusted. Analyses were performed using Stata version 13.0 Stata Corp., College Station, TX).
RESULTS
The mean age of the sample was 78, two-thirds were women, just over half were African American, education (mean 9 years) and income (mean $11,500 in 1986 dollars) were low, and 58% rated their health as excellent or good (Table S2 ). Mean number of ADL problems was 0.3 (out of five activities).
Intrinsic (Personality) Characteristics
Participants were more likely to report external control than internal control and indicated fair satisfaction with life and low self-esteem, with 8.7% of the sample scoring above the cutoff value of 9 for depressive symptomatology.
Extrinsic Characteristics
Sample members received more help (emotional plus instrumental) than they provided and had had an average of 1.7 stressful events in the previous year. On average, they had lived 25 years at their current address, but 14.5% moved in the following 4 years. One-quarter had died within 4 years of the blood draw and 87% within 14 years.
Development of a Human Cumulative Deficit Laboratory Test-Based Frailty Index (Duke FI)
Table S1 displays the psychometric characteristics of the 28 biomarkers constituting the Duke FI. Regression of age on the biomarkers and demographically adjusted prediction of death within 14 years indicated an association of P < .10 for all but five of the 28 biomarkers (mean corpuscular volume, potassium, total protein, bilirubin, carbon dioxide). Because these are known to be associated with health status, all biomarkers were retained. Duke FI score (number of biomarkers out of range divided by total number of biomarkers for which there was information), ranged from 0.00 to 0.46 (practical range is considered to be 0.00-0.70). Figure S1 displays the range of scores.
Validity of the Duke FI
Content and construct validity were ascertained through determination of association with age and time to death (see Statistical Analysis) and with other demographic characteristics ( Table 1) . Concurrent validity (demographically adjusted association with self-rated health and Katz ADL 23 ) indicated that greater frailty was associated with poorer self-rated health and greater problems with ADLs (Table 2) . Criterion (predictive) validity indicated that higher frailty scores were associated with shorter time to death (Table 2, Figure 1 ). Survival curves for the Duke FI, trichotomized as robust (0-0.09, n = 830, 37.4%), prefrail (0.10-0.19, n = 609, 51.0%), and frail (≥0.20, n = 201, 11.6%), indicated that 50% of frail participants were likely to die within 5 years, compared with approximately 8 years for robust participants (Figure 1 ).
Association Between Duke FI and Demographic Characteristics
As anticipated, in adjusted analyses, scores on the Duke FI were higher for men, those with lower income, and African Americans; older participants and those with fewer years of education had modestly higher scores (Table 1) .
Association Between Duke FI and Intrinsic and Extrinsic Characteristics
Higher frailty scores were associated with less satisfaction in life and more depressive symptomatology but also with greater self-esteem and internal locus of control (Table 1) . Regarding social environment, higher frailty scores were associated with providing less help to family and friends but marginally with greater receipt of help (instrumental rather than emotional, which was at close to maximum level) and with having more stressors ( Table 1) .
Neighborhood Disadvantage
In unadjusted analyses (Table 3 , Model 1), neighborhood disadvantage was significantly associated with Duke FI score. Simultaneous entry of all demographic characteristics fully explained the association (Table 3 , Bottom section). Examination found this to be attributable solely to race (Model 4; with only race included, the statistically significant association between Duke FI score and neighborhood disadvantage was lost). Demographically adjusted analyses (Table 2 ) indicated that neighborhood disadvantage was not associated with ADLs, self-rated health, or time to death, although Duke FI maintained its association with these characteristics even with neighborhood disadvantage in the model. With the possible exception of depression score, disadvantaged neighborhoods were associated only, and minimally, with personality characteristics and with provision and receipt of instrumental help (Table S3) .
Because of limited associations, the possibility that the characteristics examined might mediate between frailty and neighborhood disadvantage was not examined.
DISCUSSION
Using standard blood laboratory measures, a validated cumulative deficit laboratory test-based FI, the Duke FI, was developed for persons aged 70 and older. Guidelines for variable inclusion 12 essentially ensure association between such an index and age and mortality, although validity is confirmed by association with other demographic characteristics, self-rated health, ADLs, and time to death.
Most inquiry has focused on association between physical frailty measures and, or prediction of, specific healthrelated problems 16, 17, 19 and, with a few exceptions, 2,4,21 largely ignored intrinsic and extrinsic factors found to influence health, including personality characteristics, personal social environment, and broader neighborhood environment. 19, [31] [32] [33] [34] [35] Enquiry was expanded to focus on the association between laboratory test-based frailty and these factors. It was found, as anticipated, that association with intrinsic and extrinsic characteristics varies as a function of closeness to the individual. Specifically, a marked association was found between Duke FI and various measures of personality, a lesser association with measures of the immediate social environment, and no significant association with neighborhood disadvantage.
Although those who were frailer expressed lower satisfaction with life and greater depressive symptomatology, they also reported higher internal locus of control and selfesteem. Because these data are cross-sectional, cause cannot be distinguished from effect, but it suggests that individuals who are frail nevertheless have strengths on which to build.
Frailty did not affect receipt or provision of emotional services (near maximum in both directions). Frailer participants provided fewer instrumental services overall to friends and family (as might be expected) but received only marginally more services. This may reflect lack of recognition by family and friends of early manifestations of frailty or lack of resources for persons living in areas of neighborhood disadvantage. Higher social stress was associated with frailty; it is not possible to determine whether frailty preceded the events or was subsequent to and possibly attributable to the event.
In demographically adjusted analyses, neighborhood disadvantage was not associated with baseline ADLs, selfrated health, mortality, personality characteristics (except for depressive symptomatology), or social environment (except for lower provision and receipt of instrumental services). Neighborhood disadvantage significantly predicted higher Duke FI in unadjusted analyses, but race fully explained this association. Other studies that have also examined the association with neighborhood effects on residents have also shown the overriding importance of individual demographic characteristics. [36] [37] [38] [39] Various possible explanations for these findings were considered. Neighborhood effects may be dampened if participants have better health than the sample from which they are drawn, which may be the case here. Of participants who had blood drawn, 48% (vs 37% of the total sample) were free of ADL impairments at baseline and 4 years later, and 27% (vs 31%) died during the next four years, and participants with higher frailty scores were more likely to move in the following 4 years (suggesting that frailer persons may have moved before the current study).
When race and disadvantage are so closely related in a model, the explanation is often structural confounding (an artifact of high levels of segregation). 40 Although this was not found here, the spatial scale used in the current study (census tracts in which there are definite pockets of segregation rather than more-intimate areas) may be an issue.
Where race is concerned, it may be difficult to distinguish between neighborhood and personal characteristics. Although neighborhood disadvantage may have a significant effect on some matters (e.g., crowding, violence) and for some people (e.g., those unable to move freely), it may have an attenuated effect when needed resources are provided and used at a broader geographic level and when access is facilitated. Although the five counties from which the sample was drawn included several medically underserved regions, the total area was richly endowed with nationally and internationally acclaimed medical facilities to which area residents had ready access through health insurance (which nearly all had held for a minimum of 6 years) and designated transportation, which was likely to have reduced the effects of neighborhood disadvantage on health.
Limitations
This study was primarily cross-sectional. It is likely that the study sample was more robust than a representative sample their age. Examination of the social environment was restricted because of lack of data, and distinction between family and friends as service providers, although important, was not feasible. 32 Because information was absent from the data, additional inflammatory and endocrine markers, recognized as indicative of frailty, could not be included.
Advantages
The Duke FI can be readily replicated in any medical setting because it draws on standard laboratory blood analyses. It relies on objective information and is not subject to personal recall, dependent on physician (or self) diagnosis or to reporting bias, and does not confound underlying conditions with outcomes. Determination of score is rapid, and cutpoints are clear. Identification of persons in whom frailty is developing may be feasible before problems are obvious. 15 An understanding of basic underlying biological processes may be facilitated: by the Duke FI, and hence guide interventions. 41 This study has expanded information on frailty by examining its association with intrinsic (personal) and extrinsic (social, environmental) characteristics. It found that intrinsic characteristics were closely associated with frailty as, to a lesser extent, were extrinsic social ties. In controlled analyses, there was no association with neighborhood disadvantage, possibly because of better health of the sample and ready access to health services. Although personality characteristics and social ties should be considered in interventions to reduce frailty, neighborhood characteristics should not be ignored.
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Additional Supporting Information may be found in the online version of this article: Figure S1 . Duke Frailty Index distribution of scores. Figure S2 . Duke Frailty Index score according to (a) age and (b) age and sex.
Appendix S1. Blood Drawing Procedures and Laboratory Analyses Please note: Wiley-Blackwell is not responsible for the content, accuracy, errors, or functionality of any supporting materials supplied by the authors. Any queries (other than missing material) should be directed to the corresponding author for the article.
